the property that can be adjusted to control resist
ity. Carrier concentration, or carrier density, is
measured in holes or electrons per cubic centimeter
whichever carrier is the majority carrier. You wil
recall that for an intrinsic semiconductor the numb
free electrons is equal to the number of holes. Th
value of the free-electron concentration (or hole
concentration) in an intrinsic semiconductor is cal
the intrinsic carrier concentration. This value in
creases exponentially with an increase in temperatu

B. Thermal generation and recombination

1 . When a semiconductor is exposed to a temperature ab
absolute zero, some of the heat energy added to the
material may be acquired by an electron, raising it
the conduction band and leaving behind a hole. Thi
produces two charge carriers: one hole and one fre
electron. They are said to have been thermally
generated. As long as the material is exposed to t
temperature, the free electrons and holes present a
continuous random motion even though there is no ne
current flow.

2.  This may be likened to a swarm of bees around a hiv
Each bee moves rapidly from place to place in the s
but if no new bees are arriving and none are leavir
the net flow of bees is zero, although they are all
continuous motion.

3.  The rate at which hole-electron pairs are thermally
erated depends on the temperature and on the width
the forbidden energy gap in the crystal.  You will
recall that germanium has a smaller energy gap thar
silicon.  Consequently, at a given temperature, the
thermal generation rate will be higher in germaniun
in silicon, because it takes less energy to move ar
electron from germanium's valence band to its condc
band.

4.  As a free electron moves randomly through the cryst
structure, it may encounter a hole and become a bot
valence electron.  When the electron combines with
hole, the hole no longer exists and the electron is
longer free; hence, two carriers cease to exist.  T
process is called recombination.

5.  The rate at which recombination takes place depends
the number of holes and free electrons in the matei
When the rate at which the hole-electron pairs are
thermally generated equals the rate at which the he
electron pairs recombine, the material is said to 1
thermal equilibrium.

50rrier mobility as
